Depression is the most frequently seen neuropsychiatric manifestation in stroke patients. It hampers the ability to undergo therapy and impairs their functional outcome. Depression also increases the risk of suicide in stroke patients, therefore, increasing mortality. The etiology of post-stroke depression (PSD) is complex and reported to be multi-factorial in origin. It also depends on the size and location of the infarct. In addition, family history or prior history of depressive disorders makes them prone to be affected with depression following a stroke. In this article, we will mention various aspects of PSD, as well as the prevalence and the different screening assessment tools used in literature studies. Although there are many available testing tools, little consistency was seen in them being valid or reliable. We will also discuss the pathophysiology of depression in stroke patients with various available options for managing the condition. We will briefly review the use of alternative treatment such as Electroconvulsive therapy (ECT) and Transcranial Magnetic Stimulation (TMS) as well. However, we need further evidence-based research exploring the screening tool; i.e. universally acceptable for PSD and implementing an effective, non-invasive treatment modality impacting the prognosis. Also, we require further investigations to identify the role of antidepressants in the recovery of stroke patients.
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Prevalence
On average for every 40 seconds, there is a stroke case in the United States -around 600.000 new stroke cases are evident every year [12, 13] . Based on the literature studies, there is variability in data reported about PSD prevalence. These differences are usually due to the variations in criteria used to diagnose PSD and the difference in age of patients studied. The higher prevalence was seen in hospital-based settings rather than community-based settings [14] .
While several clinicians use DSM-III and DSM-IV criteria to reach the diagnosis of PSD, some use a different kind of scales or questionnaires. Also, different clinicians have different cut-off scores for the same scale or questionnaire to define the diagnosis of PSD. It is also important to keep in mind that these levels are mostly used to assess the severity of depression and were not made to diagnose it. Due to these methodological issues, it is quite arduous to reach a conclusion about the real prevalence of PSD. Robinson, et al. reported that around 30% stroke survivors experienced depressive symptoms six months later, if not immediately after stroke [15] .
In 2005, a meta-analysis study that included 51 observational studies all over the world examined patients in different settings (hospital and rehabilitation). The study reported a pooled estimate indicating that depressive symptoms are present in 33% (95% CI, 29% to 36%) of all stroke survivors during follow-up irrespective of duration [16] .
The most recent meta-analysis published in 2014, reported data from 61 observational studies, and included 25.488 patients from different geographical areas. According to the study, it is evident that 31% (95% CI 28 to 35%) of stroke survivors had depressive symptoms up to five years following a stroke [17] . The difference between these two meta-analyses is not significant, which raises concern about the underestimation of PSD.
Indeed, some co-existing factors might predispose the patients to PSD after stroke. The previous history of depression acts as a predecessor for PSD. Female gender, older age and physical disability following a severe stroke are considering factors as well. Hence, it would be wise for the physicians to keep in mind these factors, while evaluating the stroke patients.
Introduction
Stroke or cerebrovascular accident (CVA) is a severe medical condition with various adverse consequences. It is among one of the leading causes of disability in the United States. Currently, more than 6.5 million people with stroke reside in the United States. Poststroke depression (PSD) is one of the most common behavioral complications after a stroke, especially acute ischemic stroke [1] . About one in every third stroke patient suffers from depression [2] . According to Diagnostic and Statistical Manual (DSM) V, PSD is a mood disorder superimposed from another medical condition; i.e. stroke with features of depression, mania, or mixed symptoms [3] . Depression is more common in the setting of stroke than any other physical illness with the same level of disability [4] . The diagnosis of PSD requires having either depressed mood or loss of interest in previously pleasurable activities, along with two to four of other symptoms of depression occurring for at least two weeks [3] . Somatic symptoms and cognitive deficits make the diagnosis of PSD complex and often might require experienced clinical judgment.
However, it remains unclear about the etiology and pathophysiology of the depression in the setting of a stroke, with various studies reporting different mechanisms. The stroke involving neural circuits which regulate mood leading to depression is one such mechanism [5, 6] . Other studies reported the association between poststroke psychological stress factors and depression [7, 8] .
Robinson, et al. described the depression in the setting of stroke as due to the depletion of monoamine [9] . PSD may also seem to occur depending on the location of the infarct, commonly associating with the left anterior lobe and left basal ganglia lesions [10, 11] .
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Post Stroke Depression Frequently Overlooked, Undiagnosed, Untreated work [18] . However, PSD is often overlooked and its significance regarding stroke outcomes is frequently ignored and underestimated [19] . Despite the increasing number of studies investigating the prevalence, pharmacology, pathogenesis, risk factors, prevention and management, the net results of these studies are inconsistent [20, 21] . There are no established conclusions in relation to its etiology and predictors and, consequently, regarding prevention and treatment procedures. PSD can interfere with recovery of the patients, affecting their quality of life, prolonging their rehabilitation and even causing mortality.
Pathophysiology
The pathophysiology of PSD depends on the extent and the location of CVA. Nonetheless, it is also rather difficult to differentiate between PSD and the grief in stroke survivors, especially in the first few weeks after stroke. Stroke is a sudden catastrophe, which may initiate both grieving processes and can lead to depressive symptoms. However, sadness or grief after stroke has an etiology and is an emotional feeling that cannot be sensed by those with depression [22] . One such distinguishing factor is depressed patients lack their identity in comparison to sadness. Few studies reported the evidence of depression in patients with anosognosia that makes a possible connection between stroke and depression. As these patients have no insight of their disability, they may not experience a psychological reaction following a stroke [23, 24] .
In a similar way, the relation between silent ischemic stroke and vascular depression (i.e. late-onset depression) suggest that depression can also occur without any warning signs -the lesions being smaller make them less aware. Vascular depression is highly associated with ischemic lesions in striatal-frontal circuits that regulate mood. A study found patients with stroke having a smaller amygdala, especially in cognitive impairment patients. They reported that smaller amygdala from ischemic changes of stroke increases their vulnerability to depression [25] . There also seems to be an association between white matter hyperintensities with depression and executive dysfunction on T2 weighted MRI. It suggests the interruption in basal ganglia-prefrontal pathway mechanisms leading to PSD (Tables 1-5) .
Post-stroke Depression and Lesion Location
Symptomatology and diagnosis
Depressive disorders are the most frequently unrecognized and maltreated disorders. Hence, it complicates the diagnosis of depression following occurrences of a stroke even more. Depression in the setting of a stroke can have various health impacts on cognition, along with the loss of concentration, impairment in new learning skills, and motor functioning deficits collectively termed as depressive-executive dysfunction syndrome (DES) [27, 68] . Although the risk of depression proportionately decreases with age in a general population, it almost doubles the risk in stroke patients [69] . The onset and the course of depression in stroke patient also vary from patient to patient with resolving typically in 1 to 2 years, but it can chronically persist to more than three years [70] . Studies suggest that if the onset is within few days post stroke, then the chances of spontaneous remission are likely high. The recovery opportunities are minimal if the onset is more than seven weeks [71] . According to a study, the discrepancy in results with community centre patients was little depressed than hospitalized or inpatient rehabilitated patients, because of the greater disability in the latter subjects. It further proves that there is an interdependent relationship between the depression and the functional impairment [72, 73] .
Previous studies also indicate two types of depressive disorders associated with cerebral ischemia: major depression in about 25% patients and minor depression in approximately 30% patients [44] . A minor depression is a mood disorder characterized by the lack of interest and at least two, but less than four of the other main depressive symptoms [3] . The prevalence of minor depression in stroke patients is estimated around 22% after two months [74] and 8% after four months [1] . Diagnosis of depression in stroke patients can be made with various assessments, starting with the symptoms of depression such as depressed mood, anhedonia, lack of sleep, appetite, and concentration, sense of worthlessness and suicidality. Apart from that, diagnosis of PSD requires comprehensive interviews and rating scales by adequately trained health care professionals. However, it is crucial to assess depression in stroke survivors with superimposed aphasia, anosognosia, and cognitive deficits. These conditions need to be monitored carefully Review Ali Mahmood Khan with proper assessment tools to increase diagnostic accuracy [75] . The diagnosis of depressive disorders itself is not that simple in stroke patients, with several factors hindering the diagnosis (the lack of accurate screening tools, emotional and behavioral disturbances caused by infarct location in the brain, lack of evidently sufficient literature in stroke patients and stigmatic association in the society) [76] .
Assessment tools (Rating scales)
Among all the screening tools, Hamilton Depression Rating Scale (HDRS) has been found to be the most widely used [77] . Janneke, et al. used nine-item patient health questionnaire (PHQ 9) and two-item patient health questionnaire (PHQ 2) [78] . They compared these two tools with International Diagnostic Interview, which assumed to have diagnostic reliability for depression. Later, several researchers found PHQ 9 and PHQ 2 as more precise but limited with the fact that they both need excellent verbal communication. Therefore, they recommended initially using PHQ 2 that focuses specifically on anhedonia and mood for every stroke patient. If PHQ 2 turns out positive, it is followed by PHQ 9. Various researchers used different kinds of assessment tools for their respective research studies. Beck Depression Inventory, Geriatric Depression Scale, and Montgomery-Asberg Depression Rating Scale are a few among them.
A large trial was conducted in 2009 assessing three major levels. They used Beck Depression Inventory (BDI), Hamilton Depression Rating Scale and Clinical Global Impression assessment (CGI). Among them, BDI and HDRS were highly sensitive and specific respectively [79] . Berg, et al. also studied using Visual Analogue Mood Scale in patients with aphasia and cognitive impairment. However, it turned out not to be a reliable tool for depression [79] .
Many screening assessment tools used for PSD are neither valid nor dependable because many exclude people with sensory loss, history of prior psychiatric illness and prior cognitive [76] . One can induce the deficits due to their infarct and might mislead as depression. It is a wise decision to use depression-rating scales to increase diagnostic accuracy, but the high scores in many stroke survivors are likely confounded with a neurological deficit from the attack [80] .
The major limitation of using the assessment tools in the diagnosis of PSD was that many stroke survivors had sufficient communication capabilities. Aphasia in stroke survivors was in around 20% to 40% [81] . Therefore, screening tools were modified based on patient communicability, such as using visual analog scales or changing the questions or timing of the interviews, which ultimately decreased the accuracy of these tests.
The other limitation in the diagnosis of PSD is the inability to evaluate other comorbid psychiatric disorders co-existing with depression [13] . In addition to PSD, anxiety disorders are also commonly seen in stroke survivors. It is essential to diagnose anxiety, as it not only masks the diagnosis of depression but also impacts its outcome in stroke survivors. A few studies have evidenced around as high as 85% subjects developing co-morbid GAD and depression, three years following a stroke [82] .
Health impacts and consequences
Stroke might occur at any age, but is most commonly seen in elderly with 65 years and above. The functional disability associating with post-stroke depression might be a psychological response to physical incapacity. A recent study illustrated the effect of PSD on the quality of life expressed as impairments in activities of daily living (ADL). The study concluded that depressed stroke survivors had severe functional impairment in ADL at baseline and post rehabilitation, compared to non-depressed survivors. Based on these studies, functional disability is shown to be more prevalent in PSD patients [83] .
Zikic, et al. study showed the association of PSD to social withdrawal and social deterioration. There is also a significant correlation between cognitive and functional disabilities and social functioning in PSD patients. Limitations in physical and intellectual abilities result in social withdrawal as well as social discontentment in relationships. They also reported that three years following a stroke, only 7% of depressed patients and 66% of non-depressed patients were seen to socialize with their friends and relatives [83] .
Moreover, studies reported that stroke survivors' psychological symptoms have negative impacts on family caregivers, causing emotional distress. Some stroke survivors are diagnosed with dementia and are under the care of the household. Once discharged from inpatient care their caregivers experience both physical and emotional distress [84] .
Prevention of post-stroke depression
Post-stroke depression (PSD) causes high morbidity and mortality. Therefore, PSD shows potential candidacy for primary prevention [85] .
There are three levels of intervention: global (for the whole stroke population), selective (for stroke patients with high risk), and targeted (for the stroke patients with early signs or symptoms of the disease). Primary intervention for PSD is selective [86] .
Primary intervention may include psychological or pharmacological approaches. Both can be effective. Psychological intervention is a stepped care approach. The first step is to carefully watch the patient for 6-8 weeks as some patients with early symptoms may recover spontaneously. When patients continue to have depressive symptoms, they are taught a self-helping approach. The third step is a shortterm psychological intervention as cognitive behavioural therapy or problem-solving therapy. The last step is specialized health care [85] .
The other approach is pharmacological intervention. It is based on counteracting the pathophysiology of stroke. Stroke may decrease levels of monoamines and increase production of hydrocortisone, serotonin, and inflammatory cytokines (IL-1 & TNF) [87] . Antidepressants can induce neurogenesis [88] , reverse the proinflammatory pathway and prevent depression [89] .
However, there is a controversy regarding the effect of antidepressants in the prevention of depression after stroke. Zhang, et al. showed that duloxetine could reduce major and minor depression by 16% but they followed up patients for only 12 weeks [90] . Supporting equivalent results, Rasmussen, et al. found that sertraline decreased depression by 18% after a one year follow-up [91] . Robinson, et al. investigated 
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Post Stroke Depression Frequently Overlooked, Undiagnosed, Untreated the effect of escitalopram in post-stroke patients and found that escitalopram could decrease the prevalence of depression by only 13.9% [92] .
Some studies revealed that brief treatment with antidepressants may have a beneficial effect on the long-term morbidity and mortality of stroke [93] . Almeida, et al. examined the effect of sertraline 50 mg/day for 24 weeks. The results showed no significant difference between the effect of sertraline and placebo, plus routine medications [94] . In addition, antidepressants have side effects and should be used carefully. For example, fluoxetine inhibits P450 enzyme and interacts with cardiac medications [95] . Nortriptyline also interacts with cardiac medications and may cause delirium [96] .
A Cochrane review by Fullerton, et al. found that antidepressants did not show any evidence to prevent post-stroke depression [96] . However, psychotherapy significantly prevented depression and improved mood. Another study showed that antidepressants may decrease the prevalence of depression in stroke patients [97] . Further research is needed to find out the role of antidepressants in PSD prevention.
Assessing suicidality
Post-stroke depression aggravates other preexisting medical conditions like cardiovascular illness, hypertension, hypercholesterolemia, diabetes and COPD, and can ultimately lead to death by suicide [22] . It is paramount to assess suicidality in each patient at every appointment because it decreases motivation, then further resulting in the lack of response or compliance to their treatment causing self-destruction [98] . Therefore, continued monitoring of the treatment response is essential with reassurance.
Suicidality in stroke patients is highly prevalent among young adults, with risk being significantly higher in the first five years after a stroke. Jorge, et al. found that patients with PSD are 3.5 times more likely to die ten years after the occurrence of a stroke [99] . While the major proportion of stroke patients died due to their physical disabilities or other medical conditions, suicide does play a significant role. Also, it is evident that suicidal ideation is common with physically challenged patients, patients living alone, and the ones with depressive symptoms. They also noted the differences in the etiologies of suicidal plans among these patients, indicating that acute onset plans go hand in hand with alcohol abuse and younger age, whereas delayed onset suicidal plans were shown to relate with posterior lesions and greater physical disabilities resulting from the stroke. Furthermore, impulsivity and suicide risks were found to be more prevalent in stroke, resulting in frontal lobe impairment. According to the study mentioned above, four out of the six patients they evaluated with suicidal ideation experienced depression and ultimately died by suicide in six months following a stroke. Therefore, emphasis upon depression and suicide assessment during stroke rehabilitation periods in post-stroke patients is important.
Finally, the risk of mortality increases significantly when neuropsychiatric disorders co-exist with other medical conditions. Research has highlighted the association between heart disorders such as myocardial infarction and PSD, showing that depression can cause disruption of immune and coagulation mechanisms, resulting in increased risk of cardiovascular disease and mortality [100] . Studies are showing the association of PSD with the decreased heart rate variability, and this disturbance of the autonomic nervous system might be a contributing factor to cardiovascular mortality in these patients [101] .
Treatment
Depression reduces the extent of people receiving treatment, impedes rehabilitation and their ability to socialize and rejuvenate past life. The early identification and proper treatment are of paramount importance for decreasing morbidity and disability associated with it. Given the difference in population dynamics of the stroke patients, there are some questions on the recommended treatment protocols that need review.
In PSD, antidepressant therapy is considered to be the first treatment choice than any other treatment modality. However, the reasons for treatment failures include the timing of intervention or the side effects from medications. It is vital to remain cautious about the systemic side effects, especially in the cardiovascular system, fear of drug interactions with multiple comorbidities, and poor response to antidepressants in elderly which cause dropouts in treatment [102] . However, several factors play a role in stroke patients to receive treatment for depression -the presence of other comorbid medical conditions, financial burden and stigma associated with mental illness [103] . According to them, only less than 2% stroke survivors persist depressive symptoms after treating with antidepressants.
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Pharmacotherapy in PSD
Selective Serotonin Reuptake Inhibitors and TriCyclic Antidepressants are the most widely used pharmacological intervention for PSD [104] . They both inhibit production of inflammatory cytokines by microglial cells, leading to neurogenesis and neuroplasticity that help in physical recovery and cognitive improvement after stroke. Additionally, there is a treatment synergy observed between motor development and reduced incidence of depression with early use of SSRIs following a stroke. Thus, this possible role of SSRI therapy in motor recovery may lead to immediate rehabilitation [27] .
SSRIs
These are the preferred choice of the available range of antidepressants due to their least cholinergic and cardiovascular side effects. Apart from the variable side effects profile of SSRIs, the risk of platelet and cytochrome P450 inhibition demands vigilant monitoring to avoid intracranial bleeds leading to haemorrhagic stroke, lethal drug interactions and the toxicities ultimately causing treatment dropout [105] .
Among the SSRI group, citalopram, fluoxetine, and sertraline are widely in use. However, these drugs vary in the pharmacokinetics that makes them not generalized to all patients. The efficacy of these drugs depends on the timing of the intervention. The earlier the intervention, the better will be the outcome [104] . Sertraline showed improved emotionalism and hostility. Fluoxetine shared similar results in addition to control of excessive, inappropriate laughter and excessive crying spells in the patient [104] . A three months' combination treatment with fluoxetine and nortriptyline in stroke survivors of more than one year demonstrated marked response after adjusting significant confounding factors. The confounding factors include age, rehabilitation hours, baseline stroke severity and baseline HDRS.
Other Agents
TCAs have also been proven to be effective but are not recommendable as the first line treatment due to its affinity for various receptors, including histaminergic, alpha one adrenergic and muscarinic acetyl-cholinergic receptors. A particular caution is required while prescribing TCAs to the elderly population, as they likely have an underlying cardiac etiology and an arrhythmogenic effect that may prove lethal [106] .
Using the stimulant medications, like methylphenidate (MPH) in elderly population for major depression, has shown itself to be beneficial in the rehabilitation of acute stroke patients. The antidepressants also include noradrenaline reuptake inhibitors like reboxetine, used in retarded depression [107] . Retarded depression is a clinical state where the patient is lethargic and restless without the anxiety component. It is important to reinitiate the antidepressants in patients who were taking them before the stroke [104] .
Moreover, still, some debate exists regarding the treatment with antidepressants and achieving complete remission [108] . According to a comprehensive review published in 2008, if we compare pre and post treatment results, there are some evident improvements, but to reach complete premorbid condition is an uphill task keeping in mind various somatic and systemic presentations of symptoms in stroke survivors [109] .
Other Treatment Modalities
In non-pharmacological treatment modalities, none has been found to be more effective than pharmacological therapies, and there is a limitation of use in cases where the use of antidepressants defines some restrictions [109] . Cognitive Behavioral Therapy (CBT) has some role if personalized, and there is the utilization of augmented approach in a case to case basis, but more research options are considered to come up with a further outcome [110] . To see more desirable results, pharmacotherapy and psychotherapy should both be useful, rather than pharmacotherapy to act alone. They are already proven to be more effective in combination than using alone when used for depressive disorders without stroke [22] . However, we need more literature studies demonstrating their efficacy in the setting of stroke.
Trans Magnetic Stimulation (TMS) is also an alternative option, which is a non-expensive, non-invasive and relatively painless treatment. The repetitive TMS (rTMS) is used to decrease the inter-hemispheric differences in cortical excitability. It has proven to be effective in refractory depression in stroke patients [111] . Murray, et al. studied the use of Electro
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Post Stroke Depression Frequently Overlooked, Undiagnosed, Untreated Convulsive Therapy (ECT) in 193 PSD patients and they demonstrated ECT as an efficacious and safer modality [112] . However, we need more evidence-based data for a wider use of ECT and TMS in the setting of stroke. Also, it requires proper caution and ruling out of cardiovascular illness before using ECT (Table 6 ).
Treatment Studies of Post Stroke Depression
Recovery/Prognosis
Though there was a rectification of mood components, there were no studies concluding restoration of serotonergic dysfunction as the only attributor for PSD recovery [104] . Murray, et al. study showed only clinical significance with sertraline with no statistical significance [135] . There was no statistical significance seen with reboxetine either [107] . The limitations are being unable to see any significant difference in activities of daily living (ADL) and amended disability. The majority cases are underdiagnosed as the disability may be due to stroke or depression, and as a result, the treatment was not initiated on time. The other alternatives to antidepressants include short duration atypical antipsychotics, mood stabilizers, and psychostimulants for apathy and fatigue.
Kim, et al. found out that a polymorphism of serotonin 2a serotonergic genes relates to suicidal ideation two weeks after stroke [136] . Hence, SSRI needs to undergo careful monitoring as they contribute to suicidal ideation. According to a study antidepressants protect against acute ischemic neuronal injury, increases ischemia-induced neurogenesis and brain repair that influence stroke outcomes [137] .
Prevention can be a valuable strategy and a way to achieve positive results if risk factors like hypertension, diabetes, cigarette smoking, and hyperlipidemia are under control. However, antidepressant therapy has proved effective to some extent in controlling the incidence of depression after stroke but has a limited role in controlling the severity of symptoms [85, 138] . At the present scenario, there is a need for more research trying a different combination of antidepressants with strict monitoring and follow up to keep a check on the side effect profile and prevent dropouts to maintain optimal treatment efficacy [139] .
Conclusion
Post-Stroke Depression has negative impacts on functional recovery, cognition, and the rehabilitation of stroke patients. It certainly increases their risk for morbidity and mortality. Henceforth, it is essential to diagnose and treat PSD appropriately. Post-stroke depression appears not purely by biological or psychological means, but instead is multi-factorial in origin. Therefore, it is vital that all factors are accountable for assessment.
As evidenced, none of the assessment tools can be universally acceptable to evaluate poststroke depression. Moreover, each patient should undergo a specific individual assessment considering their history in addition to the generic assessment. Further extensive research and larger prospective studies are required in the future to understand and design a more accurate assessment for early and precise diagnosis of PSD. However, it is also essential that all physicians get enough training to be able to evaluate and assess stroke patients clinically for PSD. Primary care doctors must be vigilant enough to assess PSD based on clinical evaluation and transfer these patients to the appropriate care, if needed.
So far, studies have not concluded any definitive therapeutic choice for PSD, even though clinical depression antidepressants, especially SSRIs, are proven to have some positive outcome for PSD. Unfortunately, none of the antidepressants have shown to be effectively beneficial to improve the prognosis significantly. Future studies should be focused on understanding whether different combinations of antidepressants can help treat PSD. In addition to pharmacotherapy, it is crucial that these patients receive cognitive behavioral therapy and group counseling to improve the overall outcome. It is also important that physical disabilities of these patients should be put into consideration and getting them aggressively involved in physical therapy for conditions like spasticity and aphasia might help to alleviate the depression to some extent. In conclusion, it is essential to understand whether the amalgam of pharmacotherapy with other psychotherapies can effectively treat PSD. Therefore, further research is a must. Significantly higher clinical response rates were observed in both the FEWP and fluoxetine groups compared to the placebo group. There was no difference in the response rates between the FEWP group and the fluoxetine group Cravello L, et al. 2009 [124] A randomized open-label study 50
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The SNRI venlafaxine SR (75-150 mg/die) or the SSRI fluoxetine (20-40 mg/die)
The two groups showed similar improvement but venlafaxine had a greater improvement on alexithymia severity 
